CHAPTER 3 Q

INVESTIGATING LIGHT PROPAGATION IN FULL AND SKI LK

BASED ON SPECTROSCOPY AND MONTE CARLO ANALYSIS

This chapter analyses both experimental and theoretical analw: full milk and
skimmed milk based on milk fat content. The light experi enRare carried out based

on Visible (VIS), Near InfraRed (NIR) and Infra-Red ( ctr Wl@mte Carlo

theory is used to analyse the effect of various interna ﬂectlon?tin 5€'L;§"and

loss for both skimmed milk and full milk. Y'
N

ate a@compare light

This chapter is done to achieve the first

propagation in milk using various spe(wa ) O<<
Results in Chapter 3 have been published as ﬂ 0}
‘&
Muhamad Kamil, Nur Ain In% et al A “Inw@gating Light Propagation in
Full and Skimmed Mil%zn Spec[osc y bn@onte Carlo Analysis.” Journal of
:

Engineering and Ap%Scienf : 265—% copus indexed journal).
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3.1 Introduction

Milk quality can be determined through its fat composition. It is iNZt to

know the fat composition in milk to ensure consumption of the right prm&f health
reasons. Spectrometry can be used to study the fat composition in mi his chapter,
light propagation in milk based on visible and near infra&: spectra is
mlk shows higher
ilk: T !naly is on NIR
spectra also shows that full milk has higher absorbange peak than M‘ll&% to
higher amount of fat globule. Both milk samp% hiﬁh j elﬁhn}‘;n)t than
carbon. Numerical modeling based on Monteleo.m N alsc%ovc to support

asa Qg
t ‘021296 in full milk that
A

investigated. Samples comprise skimmed and full milk.

absorbance at visible (VIS) spectra compared to ski

experimental results. The modeling result§ s at r photon count

compared to skimmed milk. This is am to%ai
has higher absorbance over skim%h(. "l'“‘ , C e
1topm

“« Q-
spectroscopy techniques can N ilk a ration f&ﬁfe’s, which indirectly gives us
. \
Y'es. >

ri@)ﬁon of milk fat based on

The reﬁmet odolo fJE le chapter covers both experimental and
theoretical%ches. igu} 3 @{ the fundamental steps taken to complete the
i

b

study.4Fu entally, ‘this “study{was initiated by performing research on light

B,

prwl n. Then, the experin}ntal set up was done using three types of spectrometers
%VGI‘S visible (VIS), Near Infra-Red (NIR) and Infra-Red (IR) spectra. The

Operiment was conducted and further analysed by simulating the Monte Carlo theory

for milk using Matlab software.
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3.2.1 Materials and experimental s¢t s 4‘/

Three dif@pes @ome‘[@ere used such as Ocean Optic Flame
N
Near-Infraredcm egtroteter, E&)ﬁldn Elmer Lambda 750 UV/VIS/NIR

4
Spectroph@ and IVarian 810
IR |
(FTI oscopy, $ho 1n‘z'l'he figure 3.2, 3.3 and 3.4 respectively. The
N

sp% ers are differentiateh&?ased on their ability to capture the light by respective

éngth. The spectrometers used in the experiment can offer large size, cost-

Oective and reliable technology compared to other methods which measured the fat

calibur Series Fourier Transform Infra-Red

"
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content in milk (Amr et al., 2018). Each experiment was repeated for 5 to 10 times to

obtain the best average reading of the results. YV

¥ \d ‘r : .
. sur e: (LAMBDA 7@Vis/NIR Spectrophotometer | PerkinElmer, 2019)

S

Figure 3.3: Perkin Elmer Lambda, 750 UV/VIS/NIR Spectrophotometer.
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reference and CK;&OH ith mi 'sam <Ql"he prepared sample was placed in the
10 mm plastic%tte and li J’lalﬁ?/l?lnd stirred to mix the solution before being
%' NN
placed % Opfic_Fl Neaé?ﬁfrared (NIR) Spectrometer and Perkin Elmer
Lanwo UV/VIS/NIR Spec@i‘neter at spectrum ranges of 950-1650 nm and 350-
N
%\respectively. The Tungsten Halogen Light Source HL-2000-HP-FHSA is used

G e source of light in the experiments. Meanwhile, a droplet of undiluted solution
om both milk samples was tested in a Varian 3100 Excalibur Series Fourier Transform

Infra-Red (FTIR) Spectroscopy to identify and differentiate any compounds exist in
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both samples. The wavelength range for the FTIR Spectroscopy is from 550 to 3950
cm’! and the analysis was done in Varian Resolution Software. All experime W
the

repeated 5 times to ensure the result consistency and accuracy. Figure 3

diluted samples prepared for the spectrometry experiments. A

Figure 3.5: The

Dll? amples for ect@ry Experiments.

3.2.3 Theoretical A% |

Many mode g tec 1 e apl‘). to analyse the light propagation in
random media s o (Vlna@)sch et al., 2015) (Song et al., 2013)
(Bocklin, 201 & 12&)‘fbm & Sarma, 2015) (Forcato et al., 2005),
Finite E od§1 @ oud et al., 2012) and Finite Different Time

Domals D) (Botros & leigg~ 00). Vaskova et al. (Vaskova et al., 2016) stated

hematical evaluation could be used to measure the accurate milk fat content in
r to determine the quality control of the product. This research relies on Monte
arlo modeling technique where the photon count and photon loss for milk are

simulated. The selected technique was used to distinguish the milk fat between skimmed
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and whole milk in which scattering factors such as internal coefficient, anisotropic
parameters and forward power were analysed. Besides, Monte Carlo can trw
movement of photons inside the turbid medium which experience absorpti@ring
and power loss. Fundamentally, the photon propagation was initi y photon

launching followed by photon absorption, scattering, and was termmaated by photon

detection as depicted in figure 3.6. V
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Figure 3.6: Modeling of Light Propagation Based on Monte Carlo Technique.




In Monte Carlo technique, four main steps were used; photon launching, photon

absorption, photon scattering and finally, photon detection with continuous propw

(Vinckenbosch et al., 2015). %\
3.2.4 Photon Initialization i

At the first stage, the photon is launched followed by tep'length expressed

by Equation (3.1) (Song et al., 2013). '

While u, refers to internal coefficient, rnd Q m at is @hed between
e

the interval of 0 and 1 and is sample executi

coefficient and, u; is the scatterin icient asggi}gu i équation (3.2) (Bocklin,
o ¥,
% e

2014). /]
N a} \SQ

Us a % 39

S

At the same timefayirtual w i!ht is assigned~to each photon before any movement.

Hence, the ﬁr(xngh paosition. i }*D , (X1, Y1, Z1). The first polar position at 3D

space is E%Equat'brﬂ}) S(§{ al., 2013).
Nz



3.2.5 Photon Absorption
The second stage involves photon absorption. After the absorption, W

reduces its weight (w) by setting the threshold for every iteration. The %\n of

photon weight is given by Equation (3.4) (Bocklin, 2014). A

W, = Wi_q (1 - l;—a) wherei = 1,23, .. \} (3.4)

t

Russian roulette technique was used in the modeling
to estimate the light propagation is not realistic. T

on Equation (3.5) (Bocklin, 2014).

d_
™m 1

(a)

where wy refers to the initial photon WelgN the ando

Q—P

value, the photon is terminated, p n eig h

\ \A
3.2.6 Photon ScatterEg Rﬁopa{ztlo l %

The third stage consists 0\ soft ing and propagation. When photon

reduces its weig \ll a@e rou , they can be scattered. Hence, at this

stage, the de Man e gan niea based on the phase function. Deflection

angle, 0 1 ‘%ed ed 3 6) and Equation (3.7) (Bocklin, 2014).
NI

1[5 fi &\)}7 Ol (g at]| (3.6)

\ . _ (1+g2)2a
Q ? Where. H - (1+g)2a_ (1_g)za (3.7)

here g is the anisotropy factor referring to scattering function, H is Henvey-Greenstein

Qb

phase function and a is the weight factor. The new position (x4, ¥4, z1) can be generated
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using the obtained phase function, deflection angle and the azimuthal angle, y. v is

randomly chosen from the uniform distribution within the interval of (0, 2m), exw

Xiz1 = X; + As. (Sm(e) (Uy. Uz.cos(@) uy.sin(e) u,.cos(h)
’1 —u?

Yv

Yit1 = Yi + As. (\/'SL*) (uy. uz. cos(@) uy.sin(e)) V\.ﬂé) (3.9)

by Equation (3.8) to Equation (3.10) (Bocklin, 2014). %\

(3.8)

1 — u?

Ziy1 = Z; + As.(—sin(0).cos(@). /1 — uZ 0s(0) (3 10)

where, (uy, u,, u,) represents the values of photo agation af ev 1t! a-t-@
4'

3.2.7 Photon Detection (V E

The photon is detected at the ﬁ%e Photon tlo:&Qme by considering

its weight and the optical properti€s, of ;,e r%e%"L 'u@ch as refractive index,
iti b

i
“« Q-

sorptien c fﬁci and scattering coefficient

: eS mllk fat contents, scattering

coefficient and absorption ¢ fﬁc entl’ aéer;rs in the table were used to record

O

backscattered co Xhotorl loss during @erlng process. The internal coefficient

number of emitted photons, p

(Romanov et al., 2012), Ta 1 sh

_2-

B
was determm quatio l’vh the scattering and absorption coefficients
were base LI 2007
Tahle:%Icatterlng, Absorp@g:gnd Internal Coefficients For Both Milk Samples.
e of Weight of Milk’ Scattering Absorption Internal
um Fat Contents, coefficient, ps  Coefficient, pa  Coefficient, p¢
gram (g)
kimmed 0.0 1.65 0.55 2.20
Milk 0.1 1.68 0.56 2.24
Full Milk 3.2 2.36 1.80 4.16
3.8 2.36 1.9 4.26
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Here, the theoretical analysis was used to support the study in terms o T

photon transmitted in milk, not as a direct comparison with the expenmen@t

3.3 Results and Discussion ?

The experiments were done using various spectrometry technigues whereas the
modeling was done based on Monte Carlo techniqu der to support the

experimental study on light propagation in milk.

3.3.1 Experimental Results

The experiment was carried out ba

and Infra-Red (IR) spectra. \)
3.3.1.1 Absorbance Spectra @e

Figure 3.7 shows th

anj ilk, i
at wavelength ranges - 86 gy{b @1 was processed in UV WinLab

software using P Imer ],a 50 IS/NIR Spectroscopy. The visible
spectra (ﬁgure were ana ed ctﬁectrum continuity (Jain & Sarma, 2015)
instead of 1 the sﬁ‘ec@q at certain peaks, as being analysed in Near
Infra R anddl (IR ;ctra (Amr et al., 2018) (Vaskova et al., 2016)

t al., 2005) (Tsenko@ al., 2000). It is clearly shown that the absorbance of
th?l med milk is much lower than full milk for each wavelength. The almost linear
is observed for water sample due to the weak water absorbance in the visible

pectrum than in Near Infra-Red (NIR) and Infra-Red (IR) spectra.
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‘&
3.3.1.2 Absorbance Spectl% ar Infra-Red (N Spectrometer
b

Figure 3.8 sho% sorbarce eﬁt{'u f Near Infra-Red (NIR) for the
measured samples Wmmeli full m nd water using Ocean Optic NIR
Spectrometer atWavelength ‘r fO l@m. From the figure, we observe that the
absorbance f mil \\4 h‘l'gl.gr_}absorbance over skimmed milk and water
respect1 e thrée grabsqrption peaks observed at 972, 1158 and 1392 nm in
the ectrum. In Figure &@e absorbance shows negative values from 1050 nm

un 00 nm where we attribute that to the background noise and spectrometer

Ul ration.
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¢

Infra-Red R) ect:;:?y. ra{l@sion spectra for both milk samples are shown

c]n in@i is continued using Fourier Transform

in figur . jhe ﬁg{r WS thf%é;smission of two main functional groups in milk
sa hich are hydroxyl a@’arboxyl group. A small valley from 1500-1680 nm

@ts carboxyl (chemical bond, C=C) and a broad valley from 3300 - 3500 nm

@ esents hydroxyl (chemical bond, O-H) groups. The C, O and H refer to carbon,

oxygen and hydrogen respectively. A broad hydroxyl spectrum (O-H) is observed from
the graph due to high water composition in the samples. The dominated water bands in
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the spectra affect the characteristic absorption of other milk fat components such as
triglycerides and saturated fatty acid (Tsenkova et al., 2000). We observe slight ¢ S
at carboxyl (C=C) stretch that is attributed to the unsaturated fatty %\Ihich

characterizes skimmed and full milk (Amr et al., 2018) (Vaskov?*l., 2016)

(Tsenkova et al., 2000). i
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In addition, strong water (O-H) absorption was observed at 960, 1440 and 1950
nm using MEMs spectrometer (Amr et al., 2018) whereas Raman spectrome S
used to characterize milk fat consist of triglycerides groups, saturated an@'ated
fatty acid. The characterization is based on chemical bonds C=0; nd C=C

stretching. The functional groups based on absorbance wavelength aresummarized in

Table 3.2. ‘V
Table 3.2: Chemical Compounds at Various Wavele@s In ‘TIR Analysis.

Wavelength Peak/ Functional Chemical T pes\ofdemi?l
Ranges (cm™) Group Bon Co p('un@:%
Y
3300 — 3500 Hydroxyl O- * ) Watey~

1500-1680 Carboxyl

3.3.2 Theoretical Analysis \
The Monte Carlo technique @sed to \mg t ;@«
N
different anisotropy, g value 4 skilﬁmed nd flzé@ilk. Henvey-Greenstein

suggests three main scatteri ms b of\the an@opic value, g where purely
forward scattering is %th I] i

4 2
scattering are denotwen @0 re@ely (S. A. Prahl et al., 1993).

Henvey-Greenstein nctio commonly used to analyse the light

!

¢

scattering in %dica fieldsfsuch aé?gsues and cell (Vinckenbosch et al., 2015)
N\

(Golshan'et,al 32011 erg/most o&gblogical tissues have anisotropic value, g greater

than,0.7%g>0.7) (Ding et al., 20];9’). Hence, forward scattering in the range of 0<g<I
N

%Xlied to analyse the milk fat due to the disordered and random media in both
ia

G (Qin & Lu, 2007).
Numerical modeling based on Monte Carlo technique are shown in figure 3.10.

In figure 3.11, different internal coefficients are measured to observe their effects on
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various anisotropic parameters. The forward photon count in skimmed milk is measured

and compared using internal coefficient of 2.24 and 2.20 respectively (Figure Vw
and 3.10 (b)). Meanwhile, figure 3.10 (c) and 3.10(d) show the photon cou@oton

loss of various anisotropy parameters for both samples. A
High forward power is analysed when high internal coefficientids applied to the
skimmed milk. Besides that, there is a high incline when g p M approach 1 for
t ed milk can be

both internal coefficients (figure 3.10 (a)). The photon I

analysed by varying the internal coefficient. Based on fi 3.10 bw increases

®
until 0.8, the photon loss increases gradually and start creas¢ when'g ﬁ L@Y:han
0.8. The measured photon loss for anisotropy T, % s 1.ds lower than
the g approaches 0. V 0‘ év.
Figure 3.10 (c) and (d) distin&hmmed m nd @%nilk in terms of
photon count and photon loss. %
S
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?)rwa\‘&oton count in full milk is higher than skimmed

mlll& eas the photon loss i mmed milk is lower than in full milk. This is due to
t hat skimmed milk has less fat globules than full milk. The large fat molecules
11 milk absorb and scatter more light over skimmed milk. Stocker et al. (Stocker et
., 2017) have done simulation using scattering coefficient, xs; and reduced scattering

coefficient, uy at different wavelength for untreated and treated raw milk with
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Ethylenediaminetetraacetic acid, (EDTA) based on integrating sphere measurements.
The scattering properties and refractive index are dependent on the size of Tt
droplet, where, a high fat globule yields a high refractive index as well %Xring
properties (Stocker et al., 2017). Thus, numerical modeling based on Carlo can
support the experimental results where the light propagation in k is analysed
theoretically in terms of photon count and photon loss. V
\4

l

3.4 Conclusion ‘\d'

The milk fat analysis in skimmed and full was ¢on ec’ 1&&} both

experimental and theoretical approaches. All i en% ent&re done
using NIR, VIS and FTIR spectrometew miﬂj sample sh@s.the highest

the@& large particle of

absorbance due to high fat globule in m1D compare
@in wavelength which

fat globule inside the medium can p% high a \fm%e
ﬁy N

specifies chemical properties %r anﬁ uns unateééldé?ty acid. The numerical

modeling based on Monte \@?\g)w'sl ilk@igh photon loss and forward
il

photon count than ski k. The higher'i al coefficient in skimmed milk
4 f &

results in higher p wountla
count and photw et

can be used E ssist the authoti y& @ itor milk adulteration issue to ensure good
\
human well-being. %

) &
N
Nj

on lo ull milk sample has higher photon

sor@( and scattering in the sample. This study

.
.
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